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What do we know about the 9He structure?

all scattering lengths as in fm
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What do we know about the 9He structure?

double charge exchange knock-out (d,p) RS TTIK

• 9He G.S. is s1/2 or p1/2?

• Er(p1/2) = 1.1 MeV or Er(p1/2) = 2.0 MeV?



Resonance Proton Scattering on a thick target
in inverse kinematics (TTIK)
• The thick target inverse kinematics (TTIK) method was proposed by V. Z.

Goldberg and others about 35 years ago [1-4].

• This method can be used to study resonance reactions induced by exotic
radioactive beams of low quality and intensity. The beam of heavy ions is slowed
and stopped in a thick gas CH4 target. The light recoils (protons) are detected
from a scattering event.

• Thus, the measurement of a recoil particles energies provides for a continuous
excitation function of elastic scattering.
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• The application of the method is very
natural for the proton continuum of proton-
rich exotic nuclei, where the interpretation
of elastic scattering results is
straightforward and unique.

• The study of isobaric analog states of
neutron rich nuclei by this method has
been proposed by V. Z. Goldberg [5]. The
method is based on studies of isobaric-
analog states in the AZ+p scattering and use
of the isospin symmetry concept to infer
the AZ+n properties.

The study of isobaric analog states of neutron 
rich nuclei by TTIK method
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Τ𝑻 = 𝟓 𝟐 resonances

Data [Uberseder 2016]

G. V. Rogachev et al., Phys. Rev. C 67, 041603 (2003).

E. Uberseder et al., Phys. Lett. B 754, 323 (2016).



decoupled channel case

(strong isospin mixing)

Isospin conserving model
M. S. Khirk, L. V. Grigorenko, D. E. Lanskoy and 

P. G. Sharov., Phys. Rev. C111, L051601(2025)

• Interaction between clusters can be represented 

as a sum of terms with definite isospin:

• WF decomposition into states with definite isospin:

• System of coupled Schrödinger equations:

fixes the spectrum of 9He



9He Er (p1/2) = 1.1 MeV 
V3/2 depth variation
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• The scale of energy variation of different peaks with a variation of V3/2 interaction is of 

the order of Γ/2. This is a large effect for broad states, which cannot be disregarded.

• Only single type of data is not sufficient to understand the actual T = 5/2 position.

• Only the simultaneous studies of the 8He+p and 8Li∗+n channels may provide 

sufficient evidence to fix the T =5/2 states in the 8He+n system.



Τ𝑇 = 5 2 or Τ𝑇 = 3 2? G. V. Rogachev et al., Phys. Rev. C 67, 041603 (2003).

NNDC:

• Whatever state is higher in energy (the T = 3/2 or the T = 5/2) the T = 3/2 state 

demonstrates the “classical” resonant behavior, with the phase shift passing π/2, 

while at the T = 5/2 resonance energy, only a relatively small “wiggle” in the 

phase shift is observed.

• Resonant properties were likely misinterpreted, and the states declared as T = 5/2 

due to the phase shifts should be really the T = 3/2 states



Data [Uberseder 2016] can be interpreted within ICM in 

an alternative and more “orthodox” way: 

1) weak attraction in the 1/2+ channel

2) single-particle 1/2− resonance at Er = 2.3MeV

3) 5/2+ resonance at Er = 4.7 MeV

E. Uberseder et al., Phys. Lett. B 754, 323 (2016).



Conclusions
• The resonance scattering of exotic nuclide on a thick target AZ +p in inverse

kinematics can be used to infer the properties of the low-energy neutron
scattering AZ +n on this nuclide by assuming the isobaric symmetry.
However, for the relatively broad states and the AZ subsystem with nonzero
isospin, the effects of the isospin mixing and threshold effects are large and
should be treated dynamically. This introduces additional uncertainty into
the situation: for the AZ +n channel, we need only the nuclear cluster
interaction with Tmax, while for the AZ +p channel the Tmax − 1 interaction
should also be considered.

• It is thus demonstrated in this work that the results of the resonance proton
scattering experiments aimed at the studies of the ”isobaric partner” neutron
scattering channel may be interpreted in a very different way when isospin
conservation is taken properly into account.
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